Agri-food systems include branching ramifications, which connect in the upstream the input suppliers with farmers, and downstream farmers, processors, retailers and consumers. In the last decades, at the level of the regions, food systems have undergone rapid transformation as a result of technological progress. The paper analyzes the changes made to the structure, behavior and performance of the agri-food system and the impact on farmers and consumers. Also, the role of agricultural research as a determinant factor of transformation of agri-food system is analyzed. The research objective is to develop technologies that cover the entire food chain (from farm to fork) and meet the specific requirements of consumers (from fork to farm) through scientific solutions in line with the principles of sustainable agriculture and ensuring the safety and food safety of the population.
INTRODUCTION
Over the past 50 years, the agri-food system (made up of input suppliers, farmers, wholesalers, processors, retailers, consumers and the links between them) has greatly changed. The fastest change took place over the past 25 years when a transition from the traditional to the modern system has actually taken place. Reardon and Timmer (2014) , explains this transformation of agro-food systems as a confluence of interconnected transformations, namely: -The phenomenon of urbanization and the change of the diet of the consumers who led downstream to the transformation of the agri-food system; -Changes in retail, wholesale, logistics and processing that led to intermediate downstream changes, respectively an intermediate transformation of the agrifood system; -Intensifying agriculture and changing the supply chain of farms that led, upstream, to changing the agri-food system.
MATERIAL AND METHOD
Based on extensive bibliographic material, the present study analyzes the changes in the structure, behavior and performance of the agri-food system and the impact on farmers and consumers. Also, the role of agricultural research as a determinant of transformation of agro-food system is analyzed. When analyzing the role of agricultural research, we take into account both the agricultural research on input and agricultural system (reproduction, input design, agricultural practices, etc.) as well as research on postexploitation segments (processing, packaging, etc.).
For this we have to answer some questions: -What is the way of transforming agri-food systems? -What is the influence of research and other factors on transforming the agri-food system? -What are the effects of this transformation on small and medium-sized farmers as well as on consumers? Does the agri-food system (transformed) to succeed in providing affordable, safe, quality food in sufficient quantities? -What are the implications of these transformations for future agri-food strategies? To answer these questions, first of all, it should be take into account that research is only one of the conditions for the transformation of agri-food systems. Emphasis should be placed on discussing the transformation itself and the impact of research in combination with other factors (such as urbanization, changing consumer diets, investments in infrastructure, policies).
RESULTS AND DISCUSSIONS
The agri-food system Agri-food systems include branching ramifications, connecting upstream the input suppliers with farmers, and downstream farmers, wholesalers, processors, retailers and consumers.
-The agri-food system links the chain of research, development, financing, entrances and exits as follows: -The main supply chain is the value chain of production. For example, a wheat-value chain is made up of farmers who produce wheat that is collected by rural transporters (or wholesalers) and taken to the mills where they are milled. The flour is taken over by processors, wholesalers and then by retailers.
-The second supply chain (upstream) is the supply of seed, fertilizer, farm equipment, labor, arable land. This, in turn, is fed upstream from other supply chains (eg supply of phosphate fertilizer plants).
-The third supply chain (downstream) is the one providing inputs into post-farm segments (eg fuel supply chains).
-The fourth supply chain is to provide financing (credits) in each of the segments of each chain in the agri-food system. -The fifth supply chain is represented by a number of public goods (except agricultural research institutions), such as infrastructure, police protection, and judicial systems. Sixth chain is the value chain of research and development that provides technological and product innovations. For example, the National Agricultural Research Institutes provide new seed varieties to the supply chain of seed farms. [1] In many instances, innovations provided by value chains of research and development are powerful engines of change in other parts of the system. Each segment of the value chains presented and all the six value chains intersect in intersectoral relationships. [2] The factors that have led to the transformation of agri-food systems Increased population incomes, policy liberalization and infrastructure investments are the main factors that have facilitated almost all the transformations of agri-food systems.
If we look at the three regions as Latin America, Asia and Africa, we see how population growth has been a key factor in transforming agri-food systems. Revenues have increased (since the 1980s in Latin America and Asia and since 1990 in Africa), along with the increase in the cost of working time, which has led to changes in consumer diets. On the other hand, privatization, structural adjustment programs and policy liberalization (which took place in the 1980s and 1990s) led to a minimization of the government's direct role in agri-food systems and the growth of small and medium-sized enterprises in the private sector. The penetration of large foreign firms, supermarket chains and fast food chains has been stimulated by changes in agri-food policy. The major infrastructure programs (from Asia, Latin America and some African countries) set up by governments in the 1980s, 1990s and early 2000s reduced transaction costs and underpinned the development of the food supply chain from rural areas to cities. [3] Urbanization is an important factor in the transformation of agri-food systems. As the share of urban population increases, distribution chains, which are mainly short and local, when the share of urban population is low, should expand to feed a larger population. [4] In the three analyzed regions, urbanization has rapidly appeared. According to UN data (2014), the urban population share of Latin America was about 55% in 1970 and rose to 75% by 2010 for Asia, it was 20% in 1960 and rose to 45% in 2011, and in Africa it was 24% in 1970 and rose to 40% by 2011. Under these circumstances, the urban food market has increased due to the fact that urban areas have higher incomes than rural ones, per capita income in urban areas is double that of rural ones. [5] At the system level, in the same time with the development there is a disproportionate increase in food supply chains and processed food begins to be sought as a time saving method for urban women. This has happened since 2000 due to urbanization, population growth, increased imports of processed food, and increased investment in processing agri-food products. Reardon et al. (2014) found that for urban households, from the total expenditure on food, 73% are on processed foods, while for rural households these expenses represent 60% of the total. On the other hand, there has been an increase in the demand for products of animal origin coupled with an increase in the demand for fodder for livestock. For example, in China, compared to 1993 when the total amount of rice was double compared with the corn fodder, in 2013 the amount of corn for feeding the animals has exceeded the amount of rice. [7] Structural changes in agri-food systems Regarding structural changes, significant variations (at countries, regions and areas within countries) between the start point and the speed of transformation of agrifood systems were found. In general, the transformation of agri-food systems has three stages of changes in structure and behavior: -The first stage is represented by the traditional (local) system with a fragmented structure, using low capital and labor force technology, having no official standards and links to markets. -The next stage is the transition. It is a long and fragmented stage. Those inside the system use a combination of intensive technology with capital input. There are public quality standards and dominate local market relationships. -The most advanced stage is the modern one. There are developing private standards and contracts. Capital intensification is common and emphasis is placed on controlling the quality and safety of food. As the urban population grew, food supply chains from rural to urban areas expanded further to meet the needs of cities. On the other hand, the increase in production and the increase of the share of urban consumption in the total national consumption led to the doubling or tripling of the growth rate of the volume of products from rural to urban areas. Urbanization has also led to a rapid development of rural consumer markets. In terms of value, this growth is higher than population growth because in many areas rural incomes have increased. In the context of expanding food supply chains, the main challenge for farmers is that urban markets become the main markets they face. Urban traders are looking to diversify their range of products to reduce their seasonal supply risk, they have logistics and purchasing power to get it. This means that farmers in a given area no longer have a "protected" local market, but compete in the urban market with small and large farmers in other areas. As urban markets are modernized, large processing firms and supermarkets in cities tend to prefer low-cost supply regions and avoid contracting with farmers in rural areas. [9] The longer the supply chains are, they have, over time, increased vulnerability to shocks (such as climate change, outbreaks of food, food safety crises, sociopolitical conflicts). [10] As the supply chain expands, the market volume grows well and savings are made in downstream and downstream segments, and market shares of off-farm components increase compared to traditional chains. These quotas vary by product and region. The increase in the number of small and medium-sized enterprises in the processing industry, in trade and (upstream) in the supply of farmers with food supplies was achieved as the supply chains developed in the cities and the buyers purchased the processed products .
The change of agri-food systems
Innovation is recognized as an essential condition for the success of enterprises and businesses, ensuring growth, sustainability and competitiveness. Innovation has multiple implications ranging from government and scientists to economics executives, marketing and consumer specialists. Many industrial and agricultural innovations have led to the transformation of agri-food systems. Over the last 50 years, many of the innovations in the US and Western agri-food system have been transferred and adapted by other countries that have become receptive and favorable to their transfer. The transfer routes for these innovations included both foreign direct investment (in agribusiness, processing, logistics, etc.) as well as investments by local and public sector entrepreneurs in developing countries that adapted innovations to local conditions. Of course, not all of the innovations of the last 50 years were originally transferred from the US and Western Europe, but there were also innovations generated by the International Research Institutes in developing countries. Changes in the agro-food system that we observe, especially in the modern phase, are the emanations of innovative companies' strategies, and some enterprises and organizations that choose to implement a set of innovative technologies. The development of research and the growing variety of products have been the main factors contributing to the supply of raw materials for the agri-food system. Thus, varieties of drought resistant plants, varieties resistant to diseases and pests or new animal breeds with high biological potential have emerged and modern growth and exploitation technologies have been added. The development of the supply chain, the urbanization and the industrialization of external inputs have led to lower costs of capital inflows. As with agricultural technologies, gradual salary growth coupled with a fall in physical capital prices has led to an upward and downstream capital upsurge and a modernization of capital productivity. Technological change has also been driven by demand-driven factors such as demand for new, qualitative and safe products in greater quantities. Engineering innovations have been fundamental to the agri-food system as they have facilitated long-distance trade. [11] On the other hand, there was an increase in the size of livestock farms located near the cities, along with the establishment of large processing enterprises. To this, the innovations in the freezing and packaging segment have been added, which have reduced the cost, extended the shelf life and have considerably increased the range of organoleptic properties of the processed products. Concerns about food security among urban consumers have led to the need for food safety monitoring technologies. Thus, the Hazard Analysis and Critical Control Point (HACCP) system has been implemented in the production and marketing of food, which, based on the identification of critical process control points (CCPs) of the technological process, can prevent, reduce or eliminate potential hazards. [12] Impact of agrifood system transformation At present, there is growing evidence that transformation of agri-food systems has led to reduced food costs, widening the range of products and reducing the seasonality of supply. Moreover, processed foods have positive consequences in the sense that women have more free time to use for education, childcare or labor market participation. [13] However, there are a number of concerns about the rise of fast food and ultra-processed foods that lead to health problems (such as obesity, diabetes). [14, 15] Regarding the impact of transformation of agri-food systems on farmers, we can see that the diversification of agri-food systems provides opportunities for farmers to cultivate a wide range of crops of great value. Farmers may have access to facilities (near-roads, access to water and specialized equipment, etc.), can make contracts for supply inputs, or for production, as it provides price stability compared to traditional markets. [16] As agro-food chains are modernized, not all farmers are winners, but only those who are able to make basic investments to obtain safe and quality products. [17] In terms of employment, there is a large part of rural jobs that are not generated by the transformation of agri-food systems, and here we refer to those in transport, trade and food processing for which women and young people face real obstacles to employment. The challenge of modernizing agro-food systems is the presence on the rural market of cheaper processed foods that tend to destroy small businesses with traditional products. For governments, the big challenge is to support strategies and investments that minimize the risks that agri-food systems can have, such as shocks to climate change, soil degradation, energy costs, and socio-political disruptions.
CONCLUSIONS
Innovation highlights the need for a better correlation between demand and supply, including the role of markets. Development is predominantly driven by innovation when research and innovation are marketoriented and the market is receptive to research and innovation, knowing that they are the only means for sustainable development and competitiveness. Research, which has so far focused primarily on the agricultural segment of the system, has to take into account the entire agri-food system in research strategies. This will make technological and product innovations lead to profitable production for farmers. In most cases, the urban market, food industry firms, supply chains and agribusiness firms set market incentives and conditions for accessibility and costeffectiveness of new agricultural technologies, and therefore their adoption. Researchers need to understand the importance of processing and retailing within the system and to work for research of the components of the agri-food system outside the farm.
